Here, we investigated the potential preservation of soymilk by freezing. The physicochemical properties of raw and heated soymilk and the texture of tofu curds prepared using raw and heated soymilk were analysed after freezethawing and heating. Centrifugation results revealed increased precipitates in heated soymilk, suggesting that it was not possible to maintain the quality of soymilk before freezing. On the other hand, the physicochemical properties of soymilk and the texture of tofu curds were found to be equivalent when raw soymilk was used, even after freezethawing and heating. Furthermore, the viable cell count in raw soymilk did not change after freezing. These results suggested that raw, unheated soymilk may be preserved for long periods by freezing.
Introduction
Tofu is the major processed soybean product in East Asian countries such as China, Japan, and Korea. Tofu curd has traditionally been prepared by adding a coagulant to heated soymilk. Two methods are mainly used for preparing soymilk:
'nama-shibori' and 'kanetsu-shibori'. In the nama-shibori method, which is used mainly in Okinawa and Asian countries other than Japan, raw soymilk is processed by squeezing the slurry and then heating. In contrast, in the kanetsu-shibori method, which is used by most tofu manufacturers in Japan, soymilk is obtained by squeezing the slurry after heating (Toda et al., 2007) . The soymilk from both methods is heated prior to adding the coagulant. Thus, the coagulation of soymilk is thought to require thermal denaturation of protein in the soymilk (Guo et al., 1997; Ono, 2008) . On the other hand, heated soymilk is coagulated by the freeze-thaw process (Hashizume, 1979; Shimoyamada et al., 1999) . Nakagawa and Kashima (2008) reported that soymilk homogenized after freeze-thawing did not form tofu curd after the addition of coagulant. Therefore, they concluded that soymilk preserved by freezing is not suitable for the preparation of tofu, and that tofu curd processing should be carried out immediately after soymilk formulation. However, preservation of soymilk by freezing may lead to decreased losses during production and reduced labour requirements for the preparation of tofu.
Recently, Morita and Yokoi (2011) reported a simple method for fractionation of 7S and 11S globulins in raw soymilk using the freeze-thaw method, and both of the fractions obtained could be formulated into tofu curd after heating. The tofu curd made from the 7S globulin-rich fraction was soft and smooth, whereas that made from the 11S globulin-rich fraction was firm. Thus, these results suggested that raw, unheated soymilk may be preserved by freezing.
In this study, we investigated the physicochemical properties of soymilk after freeze-thawing and assessed the texture of tofu curds derived from the freeze-thawed soymilk. Finally, we evaluated the possibility of preserving soymilk by freezing.
Materials and Methods
Preparation of soymilk Soymilk was manually prepared from commercially available soybeans (Glycine max L Merrill, Enrei). Soymilk samples were prepared by the nama-shibori method with modifications (Toda et al., 2007) . Soybeans were washed and soaked in distilled water at 20℃ for 16 h. The swollen soybeans were then drained and ground into a homogenate with a volume of distilled water equivalent to six times the dry weight of soybeans.
The homogenate was filtered through an absorbent cotton sheet to remove okara. This filtrate was termed raw soymilk. The raw soymilk was heated in an oil bath at 95℃ for 2 min and then cooled in ice-cold water. This heated soymilk was termed raw-H soymilk.
Freeze-thaw treatment of soymilk The raw soymilk and the raw-H soymilk were frozen at _ 20℃ for 7 days and then thawed at 10℃ for 24 h. These freeze-thawed soymilk samples were termed raw-FT soymilk and heated-FT soymilk, respectively. Next, the raw-FT and heated-FT soymilks were gently agitated and heated in an oil bath at 95℃ for 2 min and then cooled in ice-cold water.
These heated soymilk samples were termed raw-FT-H soymilk and heated-FT-H soymilk, respectively.
Evaluation of physicochemical properties of soymilk
The particle size distribution of soymilk was analysed with a laser diffraction particle size analyser (SALD-2100; Shimazu Co. Ltd., Table 1 . Precipitate content and supernatant protein content of raw-H soymilk, raw-FT-H soymilk, and heated-FT-H soymilk after centrifugation soymilk immediately after preparation (control) was 5.3 log CFU/ mL, while that after 28 days of freezing was 5.3 log CFU/mL, indicating that the number of viable cells was not changed by freezing at _ 20℃ for 28 days and subsequent thawing at 10℃ for 24 h. Furthermore, heating of these soymilk samples at 95℃ for 2 min dramatically decreased the number of viable cells (< 100 CFU/mL).
Conclusions
The particle size and precipitate content in heated soymilk increased after freeze-thawing and subsequent reheating. Therefore, it was not possible to maintain the quality of soymilk before freezing. On the other hand, the physicochemical properties of raw soymilk and the texture of produced tofu curds were equivalent, despite the freeze-thaw and heat treatment of soymilk.
Furthermore, the viable cell count in raw soymilk did not change after freezing. Taken together, these results suggest that raw, unheated soymilk may be preserved for long periods by freezing.
